Teaching Time
One or two 45-minute class periods
Seating Arrangement
Groups of two to four students Deep ocean environments are almost completely dark; yet light is still important in these environments. Many marine species are able to produce "living light" through a process known as bioluminescence, but very little is known about specific ways that deep-sea organisms use this ability. Part of the problem is that these organisms are difficult to observe: turning on bright lights can cause mobile animals to move away, and may permanently blind light-sensitive sight organs. In addition, transparent and camouflaged organisms may be virtually invisible even with strong lights, and many types of bioluminescence can't be seen under ordinary visible light. Overcoming these obstacles is a primary objective of the Bioluminescence 2009: Living Light on the Deep Sea Floor Expedition.
Like the 2004 and 2005 Ocean Exploration Deep Scope Expeditions (http://oceanexplorer.noaa.gov/explorations/04deepscope/welcome. html and http://oceanexplorer.noaa.gov/explorations/05deepscope/ welcome.html), Bioluminescence 2009 will use advanced optical techniques to observe animals under extremely dim light that may reveal organisms and behaviors that have never been seen before. In addition, these techniques will allow scientists to study animals whose vision is based on processes that are very different from human vision.
Images from Page 1 top to bottom:
The Eye-In-The-Sea camera system deployed on the edge of a brine pool, over 2,100 ft deep in the Gulf of Mexico. Image credit: NOAA. http://oceanexplorer.noaa.gov/ explorations/04deepscope/logs/aug8/media/eye_600. jpg These investigations are concerned with the basic properties of light in seawater, as well as different ways in which certain forms of light may be perceived by living organisms. "Light" is usually defined as the portion of the electromagnetic spectrum that is visible to the normal human eye, but since the Bioluminescence 2009 Expedition is concerned with eyes other than human ones, we need a broader definition. It is helpful to think of light as a series of waves that consist of energy in the form of electric and magnetic fields that together are known as electromagnetic radiation. Light waves can have many different wavelengths (the distance between any two corresponding points on successive waves, such as peak-to-peak or trough-to-trough), so "light" is a spectrum of wavelengths. The full range of wavelengths in the electromagnetic spectrum extends from gamma rays that have wavelengths on the order of one billionth of a meter, to radio waves whose wavelengths may be several hundred meters. The wavelength of light visible to humans ranges from 400 billionths of a meter (400 nanometers; violet light) to 700 billionths of a meter (700 nanometers; red light), but we know that some organisms are able to detect light wavelengths outside these limits.
(for a graphic image of the electromagnetic spectrum, see http:// chemed.chem.purdue.edu/genchem/topicreview/bp/ch6/graphics/ spectrum.gif).
The amount of energy in a light wave is related to its wavelength: shorter wavelengths have higher energy than longer wavelengths. In the portion of the electromagnetic spectrum visible to humans, violet has the most energy and red the least. In seawater, light waves with more energy travel farther than those with less energy. Warm colors such as red and orange are absorbed near the surface, so red objects appear black at depths greater than 10 meters. In clear ocean water, visible light decreases by about 90% with every 75 m increase in depth (so at 150 m depth, there is only 1% of the visible light present at the surface). Deep-sea environments below 1,000 m appear almost completely dark to humans; yet vision and "light" are still important to many of the organisms that live in these environments.
This lesson guides student inquiry into some of the properties of color and light, and how these properties might be important to deep sea organisms. Review the concept of the visible and near-visible light spectrum. Key points are that the "color" of light is related to the wavelength of light waves, and that the portion of the electromagnetic spectrum that is normally visible to humans is commonly divided into seven major colors (red, orange, yellow, green, indigo, and violet). When all of these colors are present, we see "white" light.
Review the concept of primary colors: colors that when mixed in various combinations can produce every color in the visible spectrum. Students should realize that our perception of the color of an object is the result of light reflected from the object to our eyes. For example, a red object viewed in white light appears red because the object is reflecting red light waves and absorbing the other colors (all of which are present in the white light). If there is no red light to be reflected, then the object appears black. You can demonstrate this in a darkened room using white and green floodlights.
Review the process of additive mixing, in which the additive primary colors (red, green, and/or blue) are combined to produce a specific color. You can illustrate this process on a white screen in a darkened room using red, green, and blue floodlights. When red light is projected onto the screen, the screen appears red because the light from the floodlight is reflected back to the observers' eyes and we perceive it as red. When green light is added, the screen appears yellow because red and green light are reflected from the screen and we perceive the combination as yellow. If blue light is added (and the proportions of red, green, and blue are correct), we see the combination as white. One of the most familiar examples of additive mixing is color televisions that use red, green, and blue light sources to make pictures that we perceive to contain millions of different colors. Point out that perceived color depends upon the eye of the viewer. A person who lacks the ability to detect red light or a species with eyes that detect ultraviolet light would not see the same colors seen by a normal human eye.
Contrast additive mixing with subtractive mixing, in which materials selectively absorb certain wavelengths of light. The subtractive primary colors (magenta, yellow, and cyan) selectively absorb green, blue, and red wavelengths respectively. When white light passes through a magenta filter, the filter absorbs green wavelengths and transmits red and blue wavelengths. If white light passes through a magenta filter combined with a yellow filter, the magenta filter absorbs green wavelengths and the yellow filter absorbs blue wavelengths so that only red wavelengths are transmitted. If magenta, yellow and cyan filters are combined, no light is transmitted.
Subtractive mixing also is used by artists working with paint, but the primary colors are red, yellow, and blue. Red paint absorbs blue and yellow light; blue paint absorbs red and yellow light; yellow paint absorbs red and blue light. If all three pigments are mixed together, all visible wavelengths are absorbed and the pigment appears black.
Be sure students understand the distinction between the "color" of a specific wavelength of light (an objective property) and the "color" that we perceive (a subjective property). Another way to illustrate this distinction is by cutting four identical squares (about 10 cm x 10 cm) from a single sheet of colored paper. Then select sheets of four different colors, and cut a larger square (about 20 cm x 20 cm) from each sheet. Place one of the smaller squares on each of the larger squares. The perceived color of the smaller squares will be different, even though the "wavelength color" of the smaller squares is identical.
3. Ask students to describe characteristics of deep-sea environments (depth = 1,000 meters or more). Focus the discussion on light in the deep ocean. Briefly discuss the mission plan and activities of the 2004 and 2005 Deep Scope Expeditions. Show images of various deep-sea environments and bioluminescent organisms, and ask students how color might be important under conditions of almost total darkness. Students should infer that other organisms may be able to detect low light levels and wavelengths that are beyond the perception of humans. In this case, color could be an important part of defensive strategies used to escape from predators.
4. Give each student group a copy of the "Light, Color, and Camouflage Inquiry Guide," a flashlight, a red, green, or blue filter, and colored drawing materials. You may need to set up a darkened corner of your classroom, or a large cardboard carton to provide a darkened space for testing design ideas. Have students write a short essay describing how the limits of human vision might allow undetected organisms to exist in their home or school, and how they would organize a search for these organisms.
Connections to Other Subjects

English/Language Arts
Assessment
Students' answers to Inquiry Guide questions and class discussions provide opportunities for assessment. In this activity, students compare and contrast chemiluminescence, bioluminescence, fluorescence, and phosphorescence. Given observations on materials that emit light under certain conditions, students infer whether the light-producing process is chemiluminescence, fluorescence, or phosphorescence. Students explain three ways in which the ability to produce light may be useful to deep-sea organisms and explain how scientists may be able to use light-producing processes in deep-sea organisms to make new observations of these organisms.
Other Resources
The 
Essential Principle 7.
The ocean is largely unexplored. Fundamental Concept a. The ocean is the last and largest unexplored place on Earth-less than 5% of it has been explored. This is the great frontier for the next generation's explorers and researchers, where they will find great opportunities for inquiry and investigation.
Fundamental Concept b.
Understanding the ocean is more than a matter of curiosity. Exploration, inquiry and study are required to better understand ocean systems and processes. Create a background and camouflage design for the crab and/or squid that will make the animal blend into the background when illuminated by the filtered flashlight, but easy to see under white light.
2) Brainstorm:
Discuss your ideas for designs that will accomplish your task.
3)Prototype (a test model that may be the basis for future designs): Try your design ideas on scrap paper with the filtered flashlight before you start coloring your drawings.
4) Create:
Color one or both drawings using your design ideas that work best for accomplishing your task.
5) Explain:
Why does your design work? Be prepared to explain this to the class. 
